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FLUORINATED POLYMERS BY MINIEMULSION POLYMERIZATION 



emulsions and in particular to a process for the 
preparation of aqueous emulsions of fluorinated 
polymers . 



applications, in particular in the hydrophobic and 
oleophobic treatment of various substrates, such as 
textiles, leather or paper. These fluorinated 
copolymers are generally prepared by copolymerization 
in an organic solvent or according to the aqueous 
emulsion polymerization technique. For reasons of 
environmental constraints, they are generally prepared 
by aqueous emulsion copolymerization. For hydrophobic 
and oleophobic coating applications, these copolymers 
are obtained from at least one perf luorinated acrylic 
monomer and at least one nonf luorinated monomer, 
generally an alkyl acrylate or methacrylate . 



monomers according to the conventional emulsion 
technique is a technically difficult problem. This is 
because the strong hydrophobic ity of these monomers 
greatly decreases, on the one hand, the contribution of 
the initiation of the polymerization in the aqueous 
phase and, on the other hand, the diffusion of these 
monomers from the storage drops to the growing 
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particles. As a result of these particular properties 
of perf luorinated acrylic monomers, the use of a water* 
soluble organic solvent is necessary when they are 
employed in producing an aqueous emulsion. This solvent 
5 has to be a good solvent for monomers and must not 

cause the polymer formed to precipitate, as is the case 
with certain alcohols. 

The most widely used solvent is acetone (see, 
for example, Patents FR 1,532,053 or FR 2,202,515). 

10 However, safety and transportation constraints are 
prompting a large number of producers to market 
products without a flashpoint. It is obviously 
possible, if the surface-active formulation has been 
carefully selected, to distil off the solvent used in 

15 the copolymerization. 

However, this decreases the productivity and 

v ^.. results in an additional cost with regard to energy 
consumption, on the one hand, and confers poor 
stability over time on the emulsion, on the other hand. 

20 The use of nonflammable solvents, such as 

ethylene glycol, propylene glycol and their 
derivatives, is disclosed in Patent FR 2,175,332 but 
these compounds generally exhibit a poor solvating 
power and must be used in combination with acetone. In 

25 some commercial f luorinated emulsions, acetone has been 
replaced by excellent solvents with a high flashpoint, 
such as N-methylpyrrolidone or y-butyrolactone . The use 



of heavy diols, such as dipropylene glycol, 
pentanediol , hexanediol and tripropylene glycol, in 
producing fluorinated acrylic emulsions without a 
flashpoint is disclosed in Patent JP 60.40182. However, 
it turns out that such emulsions exhibit a number of 
drawbacks related to the low volatility of the 
solvents, such as: 

difficult drying of textile and leather 
articles, which it is impossible to bring to high 
temperature , and/or 

the lack of crosslinking of the copolymer on 
textiles, due to the incomplete drying of the solvent 
and to the presence of residual hydroxyl groups. 

Whatever the solutions introduced by persons 
skilled in the art in terms of choice of solvent, it 
transpires that problems arise: 

- of volatile organic compounds, resulting in 
pollution, safety and transportation risks if the 
solvent cannot be distilled off, 

- of productivity and of an additional cost 
with regard to energy consumption, if the formulation 
comprises a solvent of low boiling point which is 
distilled off at the end of polymerization. 

Furthermore, the conventional emulsion 
presents a problem of stability and of yield insofar as 
emulsion polymerization results in the formation of a 



high level of coagulum (1-8%) , which coagulum has to be 
destroyed. 

According to the invention, the term 
"coagulum" is understood to mean the polymer in the 
5 form of a flock which is not stabilized and which 

sediments in the polymerization reactor, in contrast to 
the polymer present in the latex particle, which 
polymer is stabilized in a colloidal fashion by 
surfactants . 

10 The problem which the invention seeks to 

solve is the development of an aqueous emulsion of 
fluorinated polymers which does not comprise volatile 
organic compounds, which is stable and which is devoid 
of coagulum, while observing industrial requirements 

15 such as economy in energy and productivity. 

The solution has been found by virtue of a 
specific combination comprising 

1) the use of a process known as the 
miniemulsion polymerization process, without the use of 

2 0 organic cosolvent, and 

2) the judicious choice of a mixture of 
monomers necessarily comprising acrylamide or one of 
its derivatives. 

The process is based on a first stage of 
25 specific emulsif ication of the water/monomer/ 

surfactants mixture using an energetic means, such as 
ultrasound, colloid mill or high-pressure homogenizer, 
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thus generating fine droplets of monomers in the water. 
The emulsif ication stage is followed by a 
polymerization stage. 

The process of the invention is distinguished 
5 from conventional processes for the manufacture of 
perf luorinated emulsions by, on the one hand, a level 
of organic cosolvent in the formulation of less than 
0.2% by weight of the emulsion and by, on the other 
hand, a level of coagulum of less than 1% by weight of 

10 the total weight of monomers. It thus exhibits the 

advantage of being more productive and of generating 
little in the way of volatile organic compound, a 
source of pollution. 

Thus, by using the polymerization technique 

15 known as the miniemulsion polymerization technique, 
which technique is known in the literature for the 
polymerization of numerous vinyl and acrylic monomers 
and in particular an acrylic monomer with a longer or 
shorter alkyl chain, perf luorinated acrylic monomers 

2 0 can be copolymerized with nonf luorinated monomers, with 
the following advantages: 

- no use of organic cosolvent and therefore 
fewer volatile organic compounds, no loss in 
productivity related to distillation and no additional 

25 cost with regard to energy consumption, 
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- a higher yield, as coagulum is not formed, 
even at high levels of incorporation of perf luorinated 
monomers , 

- no use of cosurfactant which is a fatty 
5 compound of low solubility in water (hexadecanol , 

hexadecane) commonly used in miniemulsions (which can 
disturb the final properties) . 

One of the subject-matters of the invention 
is a process for producing fluorinated polymers by 

10 miniemulsion polymerization comprising the 

polymerization of a mixture of monomers, which monomers 
are dispersed in water and which mixture is stabilized 
by at least one surfactant, characterized in that the 
level of organic cosolvent in the reaction mixture is 

15 less than 0.2% by weight of the total weight of the 
emulsion. 

The term "fluorinated polymers" according to 
the invention is understood as meaning polymers 
comprising at least 2 0% by weight of units derived by 
20 polymerization of at least one fluorinated monomer. 

The process of the invention is based on two 
stages comprising 

a) - the emulsif ication of a mixture of 
monomers comprising : 
25 from 20 to 99.9% by weight of at least one 

monomer chosen from fluorinated (meth) acrylic monomers 
(A) , 



from 0 to 65% by weight of at least one 
monomer chosen from nonf luorinated (meth) acrylic or 
vinyl monomers (B) , 

from 0.1 to 15% by weight of at least one 
polar monomer (C) , 

using energetic emulsifying means, such as ultrasound, 
colloid mill or high-pressure homogenizer, and 

b) - the polymerization of the said mixture 
at a temperature ranging from 20 to 100°C using radical 
initiators . 

The monomers A are chosen from fluorinated 
(meth) acrylic monomers corresponding to the following 
formulae: 

i' T 1 

If * 

?■ V 

* F — S0 2 — N — (CH 2 ) q — O — C — C = CH 2 

II 2 

o 

I 1 

*F~ <CH 2 )* — O — C— C = CH* 

it 
O 

in which R F represents a perf luorinated radical with a 
linear or branched chain comprising 2 to 20 carbon 
atoms, p and q, which are identical or different, each 
represent an integer ranging from 1 to 2 0 and 
preferably from 1 to 4, R x represents a linear or 
branched alkyl radical comprising from 1 to 4 carbon 
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atoms and R 2 represents a hydrogen atom or a methyl 
radical . 

The nonf luorinated monomers (B) are generally 
alkyl acrylates or methacrylates , such as, for example, 
5 butyl methacrylate, 2-ethylhexyl methacrylate and 
stearyl and behenyl acrylates and methacrylates, 
acrylates and methacrylates carrying an oxyethylenated 
linkage, such as ethyl triglycol methacrylate, or vinyl 
monomers, such as vinyl chloride, vinylidene chloride 
10 or vinyl acetate. 

Mention may be made, among the polar monomers 
(C) , of N, N-dimethylaminoethyl or N-tert -butyl amino- 
ethyl methacrylates and acrylates and their quaternized 
derivatives, acrylic and methacrylic acids, or monomers 
15 carrying a sulphonic acid or hydroxy 1 group, such as 
hydroxyethyl or hydroxypropyl acrylates and 
methacrylates . 

Crossl inking agents are generally used to 
attach the copolymer to the substrate and to render it 
2 0 insoluble in solvents. They are acrylamide derivatives, 
such as N-methylolacrylamide and N-methylolmethacryl- 
amide, or chlorohydroxypropyl acrylate or methacrylate. 

The surfactants used are anionic or cationic 
surfactants, such as sulphosuccinate and quaternary 
25 ammonium derivatives, for example sodium 
bis (tridecyl) sulphosuccinate. 
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They are optionally used in combination with 
nonionic surfactants . 

The molecular masses are adjusted using 
chain-transfer agents, such as mercaptans, or by the 
5 technique for introduction of the monomers. The 

copolymerization can be initiated at between 20 and 
140 °C by means of water-soluble or organosoluble 
initiators of peroxide type (such as hydrogen 
peroxide) , persalt type (such as persulphates) or azo 
10 type, such as 4 , 4 1 -azobis ( 4 - cyanopentanoic acid) or 
azobis (amidinopropane) hydrochloride or azobisiso- 
butyronitrile . 

The polymerization is preceded by a stage of 
. emulsif ication of the mixture comprising the monomers, 
15 the water and the surfactants. It is important to carry 
out this emulsif ication by energetic emulsifying means, 
such as ultrasound or homogenizers of the Manton-Gaulin 
type or a colloidal mill . The mechanical energy 
contributed by these devices makes it possible to shear 
20 the mixture and to, form fine monomer droplets 

stabilized by the surfactant. These fine droplets of 
monomers are sites of polymerization generating polymer 
particles with comparable sizes (50-500 nm) . 

The emulsions of fluorinated polymers 
25 according to the invention can be used in the 

hydrophobic and oleophobic treatment of a great variety 
of substrates, such as textiles, leather, paper or 
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construction materials. They can be applied, after 
dilution in water, by padding, steeping, coating or 
spraying. They can be formulated with various 
additives, such as fixing resins, catalysts, antistatic 
5 agents, antifoaming agents or fungicides. 

The following examples illustrate the 
invention without limiting it. Except when otherwise 
indicated, the parts and percentages are expressed by 
weight . 
10 Example 1 

a) preparation of the latex 
The following are introduced into a 10 00 
parts by volume reactor which is heated by a 
thermostatically controlled jacket and is equipped with 
15 an anchor stirrer and a reflux condenser: 

- 480 parts of demineralized water 

- 0.12 part of borax (Na 2 B 2 0 5 ) 

- 3.99 parts of sodium bis ( tridecyl) sulpho- 

succinate 

20 - 8.34 parts of a mixture of . polyf luorinated 

acrylates of formula: 

C n*2n + 1 ~C 2 H 4 -0-C-CH=CH 2 

O 

where n is equal to 8, 10, 12 and 14 in respective 
ratios by weight of 63:25:10:2. 
25 The mixture is brought to 65 °C with stirring 

for 3 0 minutes and then subjected to ultrasound 
(Branson Sonifier) for one minute. The following are 
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added with stirring to this mixture which has been 
subjected to ultrasound: 

- 58.6 parts of 2-ethylhexyl methacrylate 

- 0.3 6 part of methacrylic acid 

5 - 1.26 parts of N-methylolacrylamide 

- 59.8 parts of a mixture of polyf luorinated 

acrylates of formula: 

c u f 2n+ I — C2H4— O — C — CH = CH 2 

O 

where n is equal to 8 , 10, 12 and 14 in respective 

10 ratios by weight of 63:25:10:2. 

This mixture is subjected to ultrasound 
(Branson Sonifier) for one minute and then homogenized 
with a high-pressure homogenizer (Microf luidizer) , 6 
passes being carried out at 60 °C. 

15 The miniemulsion thus obtained is composed of 

fine droplets of monomers having a mean particle 
diameter of the order of 100-2 0 0 nm. It is transferred 
into a 1000 parts by volume reactor which is heated by 
a thermostatically controlled jacket and is equipped 

20 with an anchor stirrer and a reflux condenser. This 
miniemulsion is brought to 88 °C while purging with 
nitrogen and the polymerization is initiated with 
0.84 g of potassium persulphate dissolved in 7 g of 
water. An equivalent amount of initiator solution is 

25 run continuously into the reactor for one hour. The 

polymerization is continued for an additional hour. The 
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nitrogen purging is maintained throughout the duration 
of the polymerization. 

A coagulum-f ree perf luorinated copolymer 
latex is obtained, which copolymer has the following 
5 composition by mass: 53.4% of perf luorinated units, 

45.8% of 2-ethylhexyl methacrylate , 0.3% of methacrylic 
acid and 0.4 7% of N-methylolacrylamide . The solids 
content is 2 0% and the mean particle diameter is 
13 0 nm. 

10 b) Application to leather 

The perf luorinated copolymer latex obtained 
is diluted in water at ambient temperature until an 
aqueous solution is obtained comprising 1% of active 
materials. 

15 This solution is subsequently sprayed 

crosswise onto leather samples using a Volumair T 21 
sprayer. 

The amount deposited is on average 13 0 g/m 2 . 
After drying for 24 hours at ambient temperature, the 
2 0 leather samples are evaluated in the following way: 
Oleophobicity tests 

The oleophobicity is measured according to 
the test described in "AATCC Technical Manual " , test 
method 118 (1992) , which evaluates the non-wettability 
25 of the substrate by a series of oily liquids of 

decreasing surface tensions. The grading of the treated 
substrate is defined as the maximum value of the test 
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liquid which does not wet the substrate. The test 
liquids employed in the evaluation are listed in the 
following table: 



Grading 


Test liquids for measuring 
the oleophobicity 


Surface tension 
at 25°C (mN/m) 


1 


Nujol 


31.5 


2 


Nu j ol/n- hexadecane 
(65/3 5 by volume) 


29.6 


3 


n-hexadecane 


27.3 


4 


n- tetradecane 


26.4 


5 


n-dodecane 


24 . 7 


6 


n-decane 


23 .5 


7 


n-octane 


21.4 


8 


n-heptane 


19.8 



Hydrophobic ity tests 

The hydrophobic effect is measured using test 
solutions numbered 1 to 10 and composed of 
water/isopropanol (IPA) mixtures in the following 
proportions by weight: 
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Test solutions 


Water 


Isopropanol 


1 


90 


10 


2 


80 


20 


3 


70 


30 


4 


SO 


40 


5 


50 


50 


6 


40 


60 


7 


30 


70 


8 


20 


80 


9 


10 


90 


10 


0 


100 



These tests consist in depositing drops of 
these mixtures on the treated substrates and in then 
5 observing the effect produced. The grading is carried 
out by giving, as the value, the number corresponding 
to the solution which has not penetrated or wetted the 
substrate after being in contact for 30 seconds. 

In this example, the treated leather samples 
10 are lamb skin. The results of this treatment are 
recorded in the table below: 





AA.TCC 118 


Water/IPA 


Treated 


4 


5 


Untreated 


0 


0 
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This table shows the notable effectiveness of 
this product . 

Example 2 

a) preparation of the latex 
5 The following are introduced into a 1000 

parts by volume reactor which is heated by a 
thermostatically controlled jacket and is equipped with 
an anchor stirrer and a reflux condenser: 

- 48 0 parts of demineralized water 
10 - 0.12 part of borax (Na 2 B 2 0 5 ) 

- 3.99 parts of sodium bis ( tridecyl ) sulpho- 

succinate 

- 8.34 parts of a mixture of polyf luorinated 

acrylates of formula: 

C„F2n* I — C2H4 — O— — CH=CH 2 

15 O 

where n is equal to 8, 10, 12 and 14 in respective 
ratios by weight of 63:25:10:2. 

The mixture is brought to 65 °C with stirring 
for 3 0 minutes and then subjected to ultrasound 
20 (Branson Sonifier) for one minute. The following are 
added with stirring to this mixture which has been 
subjected to ultrasound: 

- 28.58 parts of 2-ethylhexyl methacrylate 

- 0.27 part of methacrylic acid 

25 - 0.95 part of N-methylolacrylamide 

- 90.2 parts of a mixture of polyf luorinated 
acrylates of formula: 



f 
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c » F 2n+t — C 2 H 4 — O — C — CH = CH 2 

O 

where n is equal to 8, 10, 12 and 14 in respective 
ratios by weight of 63:25:10:2. 

This mixture is subjected to ultrasound 
(Branson Sonifier) for one minute and then homogenized 
with a high-pressure homogenizer (Microf luidizer) , 6 
passes being carried out at 60 °C. 

The miniemulsion thus obtained is composed of 
fine droplets of monomers having a mean particle 
diameter of the order of 100-200 nm. It is transferred 
into a 100 0 parts by volume reactor which is heated by 
a thermostatically controlled jacket and is equipped 
with an anchor stirrer and a reflux condenser. This 
miniemulsion is brought to 88 °C while purging with 
nitrogen and the polymerization is initiated with 
0.84 g of potassium persulphate dissolved in 7 g of 
water. An equivalent amount of initiator solution is 
run continuously into the reactor for one hour. The 
polymerization is continued for an additional hour. The 
nitrogen purging is maintained throughout the duration 
of the polymerization. 

A coagulum-f ree perf luorinated copolymer 
latex is obtained, which copolymer has the following 
composition by mass: 77.1% of perf luorinated units, 
22.4% of 2-ethylhexyl methacrylate , 0.2% of methacrylic 
acid and 0.4% of N-methylolacrylamide . The solids 
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content is 2 0% and the mean particle diameter is 
120 nm. 

b) Application to leather 

With the conditions described in Example 1 
being repeated, the results obtained for Example 2 are 
expressed in the following table: 





AATCC 118 


Water/ IPA 


Treated 


4 


4 


Untreated 


0 


0 



Example 3 

a) Preparation of the latex 
The following are introduced into a 1000 
parts by volume reactor which is heated by a 
thermostatically controlled jacket and is equipped with 
an anchor stirrer and a reflux condenser: 

- 670 parts of demineralized water 

13 parts of dicocodimethyl ammonium 

chloride 

12 parts of a mixture of ethoxylated 
alkylphenol with an HLB of 15 

- 2 00 parts of a mixture of polyf luorinated 

acrylates of formula: 

C n F 2n+1 C^Ojj — CH^CH^ 

o 

where n is equal to 8 , 10, 12 and 14 in respective 
ratios by weight of 63:25:10:2 
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- 65 partis of stearyl methacrylate 

8.5 parts of N-methylolacrylamide as a 48% 
solution in water 

9.2 parts of N-methylolmethacrylamide as a 
5 60% solution in water 

0.27 part of n-dodecyl mercaptan. 
This mixture is brought to 65 °C without 
stirring for 3 0 minutes, then subjected to ultrasound 
(Branson Sonifier) for one minute, then homogenized 
10 with a high-pressure homogenizer (Microf luidizer) , 6 
passes being carried out at 60 °C. 

The miniemulsion thus obtained is composed of 
fine droplets of monomers having a mean diameter of the 
order of 150-200 nm. It is transferred into a 1000 
15 parts by volume reactor which is heated by a 

thermostatically controlled jacket and is equipped with 
an anchor stirrer and a reflux condenser. This 
miniemulsion is brought to 7 0 °C while purging with 
nitrogen and the polymerization is initiated with 2.03 
2 0 parts of azobisisobutyronitrile dissolved in 20 parts, 
of water. The polymerization takes place in two hours. 

After cooling, a coagulum-f ree perf luorinated 
copolymer latex is obtained, which copolymer has the 
following composition by mass: 70.7% of perf luorinated 
25 units, 23% of stearyl methacrylate, 3% of N-methylol- 
acrylamide and 3.3% of N-methylolmethacrylamide. The 
solids content is 33% and is brought to 20% by diluting 
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with water. The mean diameter of the particles is 
150 nm. 

b) Application to textiles 
A padding bath comprising 25 g/1 of the 
5 fluorinated copolymer latex obtained above and 1.5 g/1 
of acetic acid in water is prepared at ambient 
temperature- The fabrics are subsequently padded in 
this bath with a degree of expression of the order of 
50%. After drying, the fabrics are treated for one 
10 minute at 160 °C in a Benz thermal curing device. 

The fabrics thus treated are subsequently 
tested with regard to oleophobicity and hydrophobicity . 
The oleophobicity is tested according to the AATCC 118 
test described above. The hydrophobicity is evaluated 
15 according to a test of resistance to wetting by water 
used to monitor the water-repellent finishing of the 
fabric (Spray Test according to AATCC Technical Manual, 
Test Method 22, 1972) . 

A polyamide (PA) fabric was treated. 
2 0 The highly advantageous performance of this 

product is shown in the table below. 





AATCC 118 


Spray Test 


PA 


6 


100 



